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METHOD OF MANUFACTURE OF DUAL 
TITANUMALLOY MPELLER 

FIELD OF THE INVENTION 

The present invention relates to methods and materials for 
manufacturing gas turbine engine components. More particu 
larly the invention relates to improved methods and materials 
with which to manufacture impellers and impeller-like rotat 
ing components comprising more than one titanium alloy. 

BACKGROUND OF THE INVENTION 

In an attempt to increase the efficiencies and performance 
of contemporary jet engines, and gas turbine engines gener 
ally, engineers have progressively pushed the engine environ 
ment to more extreme operating conditions. The harsh oper 
ating conditions of high temperature and pressure that are 
now frequently projected place increased demands on engine 
components and materials. Indeed the gradual change in 
engine design has come about in part due to the increased 
strength and durability of new materials that can withstand 
the operating conditions present in the modern gas turbine 
engine. 
The compressor stage of the gas turbine engine is one area 

that has seen increased demands placed on it. For example, 
increasing performance and reliability demands for gas tur 
bine engines require both high compression ratios and 
reduced compression stages. Relatively higher compression 
ratios in turn result in high compressor discharge tempera 
tures. A reduced number of compression stages to accomplish 
higher compression ratios results in higher compressor Stage 
tip speeds and higher bore stresses. These combined demands 
have made it very difficult to utilize monolithic titanium alloy 
impellers for HPC stages of gas turbine engines. It would thus 
be desirable to develop a high pressure impeller that can 
withstand the increased pressures and temperatures associ 
ated with gas turbine engines. It is also desired that the impel 
ler design be suitable to relatively Smallergasturbine engines. 
It has therefore been conceived that a dual alloy approach, 
combining a higher strength bore alloy and a high tempera 
ture outer blade ring material, offers a viable solution. 
A rotary compressor Such as an impeller undergoes differ 

ing stresses at differing locations. Typically a central opening 
or bore defines an axis about which the rotor spins. In the case 
ofan HPC impeller, multiple airfoils extend radially outward 
from a bore and axially along the length of the bore. Addi 
tionally impellers wrap tangentially, from an inducer section 
near the inner diameter to the exducer near the impeller outer 
diameter. In operation, an impeller receives a fluid, such as 
air, at an upstream axial position. Due to the rotational move 
ment of the impeller, the air is compressed. Typically a given 
Volume of air that is being compressed is passed from an 
upstream position to a downstream position in the impeller. 
As the air exits the impeller, at an outwardly radial position, it 
is at a relatively higher pressure and temperature than it was 
when the air first contacted the impeller. 

It should be noted that this general structure of a gas turbine 
impeller is also true of other rotary devices such as turbines 
found in turbochargers and turbopumps. The principles of the 
invention described herein are thus applicable to these 
devices as well. 
As mentioned, an impeller is characterized by differing 

stresses at different impeller locations. Stresses due to rota 
tion are greatest in the bore section. These stresses arise as a 
result of the high centrifugal forces that develop during high 
RPM operation. It is this area where cracks tend to develop 
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2 
and propagate. Hence, it is an important design criteria that 
materials in this area of the impeller have relatively high 
strength characteristics. 

Differences in temperature also occurat different points in 
an operating impeller. As previously noted, air enters an indi 
vidual impeller at a relatively lower temperature and pressure. 
When this same air exits the impeller it is at a relatively higher 
temperature and pressure. Thus, the upstream leading edge of 
an impeller airfoil at the inducer experiences relatively lower 
temperatures; and the outer radial edge of an impeller, the 
area where compressed gas exits, the exclucer, experiences 
relatively higher temperatures. As a consequence, materials 
used in the gas exiting region must be selected to withstand 
these temperatures. 

Hence there is a need for an improved impeller design and 
method to manufacture the same. The improved design 
should take advantage of material characteristics that provide 
high Strength and high temperature performance. It is desired 
that the impeller, and the method of manufacturing the impel 
ler, provide improved strength performance in bore regions 
while also providing improved high temperature perfor 
mance in the outward radial positions. There is a need that the 
improved impeller design maintain advantageous weight per 
formance of materials such as titanium alloys. The present 
invention addresses one or more of these needs. 

SUMMARY OF THE INVENTION 

The present invention provides a method and materials for 
fabricating a dual alloy gas turbine engine rotor. In particular 
the method may be applied to dual alloy impellers. The 
method is further applicable to impellers made of dual tita 
nium alloys. The method includes inertia welding techniques 
to obtain reproducible, high quality adhesion between impel 
ler Subcomponents. Pre-welding and post-welding treatments 
further control residual stresses and impart microstructures 
appropriate for the end use application. 

In one embodiment, and by way of example only, there is 
provided a method for fabricating an intermediate structure 
for use in fabricating an impeller comprising: providing a first 
titanium alloy with high strength properties; forming the first 
titanium alloy into a bore subelement; heat treating the bore 
Subelement; providing a second titanium alloy with high 
creep resistance properties; forming the second titanium alloy 
into a body subelement; heat treating the body subelement; 
inertia welding the bore subelement to the body subelement 
So as to form an intermediate structure; and stress relieving 
and/or aging the intermediate structure. The method may 
further comprise forming the bore subelement and radial 
Subelement with a corresponding mating Surface. The step of 
inertia welding may further comprise inertia welding the bore 
Subelement and the body Subelement at the mating Surface. 
The step of heat treating the bore subelement may further 
comprise a treatment that results in a final alloy microstruc 
ture having about 10 to about 50 volume percent primary 
alpha phase. The step of heat treating the body subelement 
may further comprise a treatment that results in a final alloy 
microstructure having about 10 to about 30 volume percent 
primary alpha microstructure. The step of heat treating the 
body Subelement may further comprise a treatment that pro 
cesses the alloy material below, above or through the beta 
transus point. 

In a further embodiment, still by way of example only, 
there is provided an impeller for use in a gas turbine engine 
comprising a bore Subelement; a body Subelement inertia 
welded to the bore Subelement; and a corresponding mating 
surface defined by the bore subelement and the body subele 
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ment wherein the bore subelement and body subelement are 
welded at the mating surface. The bore subelement may be 
fabricated of an alloy from the group consisting of Ti-6-2-4-6, 
Ti-6-2222S, VT22, and Ti-17 or any other similar high 
strength titanium alloy. The body subelement may be fabri 
cated of an alloy from the group consisting of Ti-6-2-4-2, 
TiMetal 834, Ti-1100, and TiMetal 829 or similar high tem 
perature alloys, including titanium alloys based on titanium 
intermetallic compositions such as alpha-two, orthorhombic 
or gamma. The impeller may further comprise a bore region 
of the impeller that is encompassed by the bore element; and 
a radial region of the impeller that is encompassed by the 
body subelement. 

Other independent features and advantages of the method 
to fabricate a dual titanium alloy impeller will become appar 
ent from the following detailed description, taken in conjunc 
tion with the accompanying drawings which illustrate, by 
way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of an impeller. 
FIG. 2 is a side view of an impeller cross section illustrating 

dual titanium alloys according to an embodiment of the 
present invention. 

FIG.3 is a side view of an impeller cross section illustrating 
dual titanium alloys according to an embodiment of the 
present invention. 

FIG. 4 is a side view of an impeller cross section illustrating 
dual titanium alloys according to an embodiment of the 
present invention. 

FIG.5 is a side view of an impeller cross section illustrating 
dual titanium alloys according to an embodiment of the 
present invention. 

FIG. 6 is a perspective view of a bore subelement and body 
Subelement according to an embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

The following detailed description of the invention is 
merely exemplary in nature and is not intended to limit the 
invention or the application and uses of the invention. Fur 
thermore, there is no intention to be bound by any theory 
presented in the preceding background of the invention or the 
following detailed description of the invention. Reference 
will now be made in detail to exemplary embodiments of the 
invention, examples of which are illustrated in the accompa 
nying drawings. Wherever possible, the same reference num 
bers will be used throughout the drawings to refer to the same 
or like parts. 

Referring now to FIG. 1 there is shown a representation of 
a typical impeller suitable for use with the present invention. 
Impeller 10 includes a plurality of impeller airfoils 11 
attached to a central core 12. Impeller 10 has a generally 
radial structure and, as shown in this figure, a central bore area 
13. In some designs, impeller 10 is fabricated as a unitary 
piece with an axle and would not have an open bore area 
though it would have the corresponding bore region. Bore 
area 13 is aligned along an imaginary central axis 14 that runs 
through central bore area 13 in a axial direction. In operation 
impeller 10 is disposed on a central axle (not shown) at central 
bore area 13 and rotates thereon or rotates with the axle. 
Impeller blades 11 extend from central bore area 13 in an 
outwardly radial and axial direction. Impeller 10 further 
defines an upstream position 15 and downstream position 16. 
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4 
Upstream position 15 and downstream position 16 corre 
spond to the fluid path flow through and across impeller 10. 
Fluid, air, first enters impeller 10 at the upstream position 15 
(inducer). As air passes impeller 10 it exits in the downstream 
position (exclucer). Airpassing across impeller is pressurized 
such that the air exiting impeller 10 is at a higher temperature 
and pressure relative to the air entering impeller. The direc 
tion of air flow 17 across the face of impeller 10, the face 
being that portion of impeller 10 which is exposed to airflow. 
In operation, impeller 10 is disposed within a housing or 
structure (not shown) which, by close proximity to impeller 
blades 11, assists in placing the air under pressure. 

In the impeller configuration as shown in FIG. 1, impeller 
blades 11 press againstair as the impeller 10 rotates. Impeller 
blades act to compress the air. The rotation of impeller during 
this compression imparts high tensile stresses in the bore 
region. Simultaneously, air that exits impeller 10 at down 
stream position 16 (exclucer) is typically at a much higher 
temperature than compared to the air entering in the upstream 
position 15 (inducer). Temperatures in excess of 1000°F. can 
be experienced at downstream position 16 (exclucer). Thus, 
the structure in the downstream position 16 and on the back 
face 23 (FIG. 4) are particularly subject to high temperature 
creep and fatigue. 

It has now been discovered that an impeller can be designed 
and manufactured so that the impeller is comprised of mul 
tiple alloys. In one preferred embodiment, dual titanium 
alloys are joined to form an intermediate structure that may 
itself be further processed into a finished impeller. The fin 
ished impeller thus incorporates the dual titanium alloys of 
the intermediate structure. 
The combination of materials to create the intermediate 

structure is selected so that material performance is optimized 
given the location of the material in the final product. The 
material that will be proximate to the bore of the impeller is 
selected for suitable strength properties. Similarly, the mate 
rial placed in the area of the gas exit is chosen for Suitable high 
temperature properties. Referring now to FIGS. 2, 3, 4, and 5 
there are illustrated exemplary embodiments of the material 
selection in a silhouette of an impeller cross-section. In each 
illustration, region 21 represents the bore Subelement, and 
region 22 represents a body Subelement. As shown, bore 
subelement 21 and body subelement 22 can be fashioned so 
that a chosen material extends to a finished location on the 
impeller. 
Back face 23 of the impeller cross section is indicated in 

FIG. 4. Back face 23 is an area of an impeller where the 
elevated temperature properties of the material are important. 
Although the temperature is higher at the blade tip, the stress 
is also lower at the tip. It has been discovered that the back 
face area is generally an area where the stress and temperature 
combination becomes more critical. Thus, in a preferred 
embodiment, the composition of the region of the back face 
23 is considered with respect to creep resistance. 
A preferred method to manufacture the dual alloy impeller 

is further illustrated in FIG. 6. Here there is shown a bore 
piece 62 and body piece 61. Bore piece 62 and body piece 61 
are configured so that they may be brought together in close 
mating alignment. In a preferred embodiment, bore piece 62 
and body piece 61 are brought into mating alignment along a 
corresponding mating Surface 63. In the preferred embodi 
ment illustrated in FIG. 6 bore piece 62 is generally conical in 
shape. Mating surface 63 of bore piece 62 follows the line of 
the cone. Similarly, body piece 61 has a hollow that is in 
conical form. The mating surface 63 on body piece 61 also 
follows the cone. The slope of mating surface 63 in various 
embodiments is illustrated in FIGS. 2, 3, 4, and 5. Each of 
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these figures illustrates a mating Surface 63 having a different 
slope and/or position. When brought into close mating align 
ment, bore piece 62 and body piece 61 are in substantial 
contact along mating Surface 63. Preferably, the contact is 
sufficient so that bore piece 62 and body piece 61 may be 
joined at mating Surface 63 through inertia welding as 
described below. 

Each of bore piece 62 and body piece 61 may be formed 
through known methods of forging, casting, powder metal 
lurgy, and machining. Mating Surface 63 on both bore piece 
62 and body piece 61 may be formed through these known 
methods. Bore piece 62 and body piece 61 may include 
flanges, thrustfaces, and other shapes that assist in the inertia 
welding process. The body piece 61 or subelement may 
include the airfoils described in FIG. 1 or material from which 
Such airfoils may subsequently be formed. 

Referring again to FIG. 6, bore piece 62 and body piece 61 
can be joined at mating Surface 63 through inertia welding. 
Upon completion of an inertia welding operation, what 
remains is an intermediate structure that includes both the 
original bore piece 62 and body piece 61. The weld between 
the two pieces is sufficiently strong and secure that the inter 
mediate structure can be further machined and formed to 
create the finished impeller shape. Further, the bond is suffi 
ciently strong to allow the joined pieces, when machined, to 
operate as an impeller. 

In the preferred embodiment, bore piece 62 is itself fabri 
cated from a first titanium alloy. This alloy is selected for high 
strength characteristics. Body piece 61 is fabricated from a 
second titanium alloy, an alloy chosen for good high tempera 
ture performance. 

The preferred embodiment has been described as a method 
to fabricate an intermediate structure from two pieces. How 
ever, multiple pieces may be used to fabricate the intermedi 
ate structure. Further, the finished impeller may be fabricated 
of multiple regions or different composition. Likewise, it is 
preferred that mating surface 63 be linear in cross section. 
However, other shapes for mating surface 63 may be 
employed. For example, in cross section, mating Surface 63 
may include composite lines of differing angles, curves, or 
other complex shapes. 
As illustrated in FIG. 6, bore piece 62 and body piece 61 

contain excess material, material that will ultimately be 
machined away in order to yield a finished impeller shape. 
Both bore piece 62 and body piece 61 may themselves be cast, 
forged or formed by powder metallurgy techniques or other 
wise machined so as to minimize the material that must be 
removed in order to create the impeller. Thus, body piece 61 
need not have an outer shape in the form of a cylinder, but may 
take other shapes. Bore piece 62 may initially be formed so 
that it has a hollow axial area (not shown) that corresponds to 
where the central bore area 13 would appear, if such an area is 
part of the design of a finished impeller such as illustrated in 
FIG. 1. Alternatively, bore piece 62 may be formed with an 
integral axle. 

In one embodiment, the fabrication method uses a welding 
technique of inertia welding. Inertia welding provides the 
energy needed to make the weld primarily by stored rotational 
kinetic energy. Generally, in inertia welding, a first work 
piece is connected to a flywheel. A separate work piece, the 
one to which the first workpiece is to be joined, is restrained 
from rotating. The flywheel is accelerated to a desired rota 
tional speed. The two pieces are then forced into contact. The 
kinetic energy stored in the rotating work piece and the fly 
wheel is dissipated as heat through friction at the weld inter 
face. If desired, the two work pieces may be pressed together 
through application of force on one or both of them. 
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6 
Inertia welding is an advantageous method. The process is 

fast, up to many times faster than other welding techniques. 
Welding machines are versatile in that they can accommodate 
a wide range of part shapes and sizes. Joint preparation is not 
generally a critical prerequisite, and joints that have been 
forged, cast, machined, saw cut, or sheared can be welded. 
The joint that results frominertia welding is a forged-quality 
weld with a near 100% butt joint weld through the contact 
area. Melting may not occur through inertia welding. Mate 
rial that is at, and close to, the mating Surfaces are expelled 
during the welding process. By this process, all defects 
present at the initial interfaces are eliminated with the result 
that defects in the weld are minimized. Finally, as the process 
is machine-controlled, the process minimizes variations that 
occur through the human element. 

In a preferred embodiment, dual alloy combinations are 
selected from high strength titanium alloys. Preferred tita 
nium alloys include those near alpha titanium alloys with 
moderate temperature capability. Exemplary alloys that may 
be utilized for the inner subelement (bore piece 62) include 
Ti-6-2-4-6, Ti-6-2222S, VT22, and Ti-17 or any other similar 
high strength titanium alloy. Other titanium alloys with high 
strength up to moderate temperatures in the range of 400°F. 
to 900°F. may also be utilized. 

Alloys that may be utilized for the outer subelement (body 
piece 61) include Ti-6-24-2, or any enhanced version of this 
alloy. Other alloys that may be utilized for the outer subele 
ment (body piece 61) include TiMetal 834, Ti-1100, TiMetal 
829, and other near alpha alloys with elevated temperature 
capabilities including titanium alloys based on titanium inter 
metallic compositions such as alpha-two, orthorhombic or 
gamma. 

In a preferred embodiment the impeller manufacturing 
process includes pre-welding and post-welding treatments 
that are designed to control stresses and optimize the micro 
structure of the structure. It will be understood by those 
skilled in the art that a particular treatment (pre-welding 
treatment, post-welding treatment, or stress relief) may be 
tailored depending on the composition of the given alloy. That 
is to say a change in alloy may call for a change in the specifics 
of a heat treatment. However, preferred treatments can be 
defined in terms of the microstructure that results from the 
treatment. Thus, with respect to alloys used in the bore sub 
element, it is desired that a heat treatment result in a final alloy 
that includes about 10 to about 50 percent primary alpha 
microstructure. With respect to the subelement used to fash 
ion the outer(body) subelement, the desired microstructure 
also depends on whether the subelement is alpha+beta pro 
cessed or beta processed. For alpha/beta alloys, in alpha+beta 
processed condition, it is desired that the final microstructure 
include about 10 to about 20 percent primary alpha micro 
structure. Forbeta processed subelements, is desired that the 
material be processed above or through the beta transus. 
A preferred titanium alloy combination utilizes Ti-6-2-4-6 

for the bore subelement and Ti834 for the outer(body) sub 
element. When these materials are used, the following treat 
ment is preferred. The bore subelement receives a preweld 
treatment of a heating of between 1600°F. to about 1800° F. 
The body subelement receives a preweld treatment between 
1800 F to 2000 F. A second treatment follows which includes 
heating to a temperature between about 1000 F. to about 
1600°F. Following this there is an age treatment at approxi 
mately 1100°F. The general goal of the heat treatment is to 
bring the bore titanium alloy to a finished microstructure 
comprising between about 10 to about 50 percent primary 
alpha. The balance may be a mixture of secondary alpha 
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material and beta material. The microstructure aim for the 
body subelement will depend on the pre-weld processing 
(alpha+beta or beta). 

It will be understood by those skilled in the art that the 
target microstructure may be achieved while deviating from 
the above-described heating times and temperatures. For 
example a material may be heated at a slightly higher tem 
perature for a shorter time period, or, heated at a slightly lower 
temperature for a longer period of time. Thus, it is still within 
the invention to deviate from the specific heating schedule 
while achieving the finished microstructure. 

In addition, certain heat treatments or stress relief opera 
tions may be combined. Thus, one heat treatment may be 
applied to separate pieces, such as bore piece 62 and outer 
(body) piece 61, while they are still separate pieces. As sepa 
rate pieces, bore piece 62 and outer (body) piece 61 can 
receive separate heat treatments. After welding of these 
pieces, further heat treatments may be applied to the interme 
diate structure. Such a heat treatment to the intermediate 
structure will of necessity be a heat treatment that applies to 
both the region of the bore piece and the region of the outer 
piece. Thus, it is within the scope of the invention to combine 
heat treatments both pre and post welding. 

While the invention has been described with reference to a 
preferred embodiment, it will be understood by those skilled 
in the art that various changes may be made and equivalents 
may be substituted for elements thereof without departing 
from the scope of the invention. In addition, many modifica 
tions may be made to adapt to aparticular situation or material 
to the teachings of the invention without departing from the 
essential scope thereof. Therefore, it is intended that the 
invention not be limited to the particular embodiment dis 
closed as the best mode contemplated for carrying out this 
invention, but that the invention will include all embodiments 
falling within the scope of the appended claims. 

We claim: 
1. A method for fabricating an impeller having a first region 

and and a second region, the first region having predeter 
mined strength properties, and the second region having a 
predetermined creep resistance properties, the method com 
prising the steps of: 

providing a first titanium alloy formulated to be capable of 
having the predetermined strength properties imparted 
thereto; 
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forming the first titanium alloy into a bore subelement 

having a first mating Surface including a first conical 
shape; 

heat treating the bore subelement; 
providing a second titanium alloy formulated differently 

than the first titanium alloy and to be capable of having 
the predetermined creep resistance properties imparted 
thereto; 

forming the second titanium alloy into a body Subelement, 
the body subelement including a hollow portion defined 
by a second mating Surface including a second conical 
shape corresponding to the first conical shape of the first 
mating Surface; 

heat treating the body subelement; 
inertia welding the first mating surface of the bore subele 

ment to the second mating Surface of the body Subele 
ment so as to form an intermediate structure; 

stress relieving the intermediate structure to optimize a 
microstructure of the intermediate structure, to impart 
the predetermined strength characteristic to the bore 
subelement, and to impart the predetermined elevated 
temperature performance characteristic to the body Sub 
element; and 

machining away excess material from the intermediate 
structure to form the impeller. 

2. The method according to claim 1 wherein the step of heat 
treating the bore subelement further comprises a treatment 
that results in a final alloy microstructure having about 10 to 
about 50 per cent primary alpha phase material. 

3. The method according to claim 1 wherein the step of heat 
treating the body Subelement further comprises a treatment 
that results in a final alloy microstructure having about 10 to 
about 30 per cent primary alpha microstructure. 

4. The method according to claim 1 wherein the step of heat 
treating the body Subelement further comprises a treatment 
that processes the alloy material above or through the beta 
transus point. 

5. The method according to claim 1 wherein the step of 
providing a first titanium alloy further comprises selecting an 
alloy from the group consisting of Ti-6-2-4-6, Ti-6-2222S, 
VT22, and Ti-17. 

6. The method according to claim 1 wherein the step of 
providing a second titanium alloy further comprises selecting 
an alloy from the group consisting of Ti-6-2-4-2, TiMetal 

5 834, Ti-1100, and TiMetal 829. 
k k k k k 


